We report extensive photometry of the dwarf nova V419 Lyr throughout its 2006 July superoutburst till quiescence. The superoutburst with amplitude of ∼ 3.5 magnitude lasted at least 15 days and was characterized by the presence of clear superhumps with a mean period of P sh = 0.089985(58) days (129.58± 0.08 min). According to the Stolz-Schoembs relation, this indicates that the orbital period of the binary should be around 0.086 days i.e. within the period gap.
Introduction
Dwarf novae -a subclass of Cataclysmic Variable stars -are quite well studied interacting binary systems composed of late-type red dwarf secondary and white dwarf primary stars (Warner 1995 , Hellier 2001 . Matter transferred from the red dwarf forms an accretion disc around the white dwarf. Although in the last decade significant progress has been made in explaining the behaviour of dwarf novae light curves, some physical processes ongoing in these systems are still not fully understood (see for example Smak 2000, Schreiber and Lasota 2007) . In particular, the thermal-tidal instability model of Osaki (1996 Osaki ( , 2005 describing the phenomenon of superoutbursts and superhumps may be tested by examination of SU UMa-type dwarf novae light curves. Additionally, objects near and inside the so called period gap are very important from an evolutionary point of view. Those systems give us an unprecedented opportunity to study the evolution of dwarf novae.
V419 Lyr is a poorly studied cataclysmic variable discovered by Kurochkin (1990) and originally classified as a Z Cam-type dwarf nova. Later, Nogami et al. (1998) caught this object in outburst and found superhumps in its light curve. Detection of superhumps together with characteristic properties of the outburst allowed them to classify V419 Lyr as a SU UMa-type dwarf nova, but short coverage of the eruption did not allow accurate determination of the superhump period. Nevertheless, there was a strong suggestion that V419 Lyr has one of the longest orbital periods known among SU UMa variables.
This object has been monitored at various photometric bands by the Variable Star Network (VSNET) (see for example Kato et al. 2004a ). The observations from that program enabled a tentative determination of the supercycle period to be about ∼ 340 days (Katysheva and Pavlenko 2003) . Moreover, Morales-Rueda and Marsh (2002) obtained a spectrum of V419 Lyr during outburst showing a relatively broad absorption feature around 430-440 nm.
In this work we present an analysis of photometric data collected during the 2006 July superoutburst of V419 Lyr. The data are much richer than previous studies and provide us with an opportunity to determine parameters describing this system more precisely.
Observations and data reduction
The CURious Variable Experiment (CURVE) team (see for example Olech et al. 2004 Olech et al. , 2006 , alerted by the VSNET mailing list, found V419 Lyr in a very bright state on 2006 July 17/18. Subsequently the object was monitored on 13 consecutive nights (with a gap on July 24/25) until its return to quiescence on August 2/3. The observations were performed using a 0.6-m Cassegrain telescope equipped with a Tektronix TK512CB back-illuminated CCD camera. The image scale was 0 ′′ .76/pixel providing a 6 ′ .5 × 6 ′ .5 field of view (Udalski and Pych, 1992) Observations were made unfiltered for two reasons. First, due to lack of an autoguiding system, we wished to keep exposures short in order to minimize guiding errors. Second, because our main goal was analysis of the temporal behaviour of the light curve, the use of filters might cause the object to be too faint to observe in quiescence. Exposure times were 90 seconds during the bright state and 100-150 seconds at minimum light.
All CURVE team data reductions were performed using a standard procedure based on IRAF 1 package and the profile photometry has been derived using the DAOphotII package (Stetson 1987) .
During preliminary analysis of the data we found the AAVSO archive containing several CCD observations of the same superoutburst of V419 Lyr made by observers from England (D.B.) and the United States (R.K.). Therefore we decided to combine our data to obtain better results. D.B. used a 0.35-m Meade Schmidt-Cassegrain telescope with a Starlight Xpress SXV-H9 CCD camera. Data were taken unfiltered. Exposures were 40, 50 or 60 sec depending on conditions. The AIP4WIN package (Berry and Burnell 2000) was used to dark-subtract and flat-field all images before measuring them using aperture photometry. The magnitude of V419 Lyr was determined by differential photometry with respect to an ensemble of two nearby comparison stars.
R.K. used 0.25-m Meade LX-200 Schmidt-Cassegrain telescope equipped with an Apogee AP-47 CCD camera and clear filter characterized by IR block at 700 nm. MPO Canopus software (Warner 2007 ) was used for differential photometry of the variable with an average of four comparison stars. Table 1 presents a journal of our CCD observations of V419 Lyr. In total, we observed the star for more than 48 hours on 14 nights and collected 3179 exposures. The shape of the light curve corresponds to the standard picture of a superoutburst. First, the star rose rapidly from its quiescent level to a peak magnitude of around 14.5 mag. Due to the lack of observations, the exact time of the rise is unknown. V419 Lyr was seen by AAVSO observers in a bright state on July 16. Two nights later, during our first run, the star was still at the same brightness and showing fully developed superhumps with a peak-to-peak amplitude of 0.3 mag -a feature characteristic of the beginning of a superoutburst. Thus we conclude that the July 2006 superoutburst started around July 15. 
ANOVA statistics
As we noted earlier, all light curves of V419 Lyr in superoutburst were detrended by removing a fit based on a first or second order polynomial. Then we analyzed them using ANOVA statistics (Schwarzenberg-Czerny 1996). The resulting periodogram is shown in Figure 3 . It shows a very clear and dominant peak at frequency f 0 = 11.107 ± 0.010 c/d, which we interpret as due to superhumps and corresponds to the period P sh = 0.09033(81) days. The spectrum has almost no 1-day aliases due to good coverage and the use of data from three sites -two from Europe and one from the United States. A small peak is also observed around 22 c/d, the first harmonic of the main frequency. We then prewhitened the light curve of V419 Lyr during the superoutburst with the main period and its first harmonic. The power spectrum of the resulting light curve shows no other periodicities.
The O-C analysis
To check the stability of the superhump period and to better determine its value, we constructed an O − C diagram. Because the maxima in our case were almost always clearly visible and easier to measure than minima, we decided to use the timings of the former. Finally, we were able to determine 27 times of maxima which are listed in Table 2 together with associated errors, cycle numbers E, and O −C values. A least-squares linear fit to the data taken during the plateau phase of superoutburst gives the following ephemeris for the maxima:
The above equation indicates that the mean superhump period was P sh = 0.089983(58) days, which agrees within errors with the determination based on ANOVA statistics. Combining these two measurements gives us our final estimate of the mean superhump period of V419 Lyr during its 2006 July superoutburst which is P sh = 0.089985(58) days (129.58 ± 0.08 min).
The O −C values computed according to the ephemeris (1) are listed in Table 2 and also shown in It is worth commenting on the behaviour of the superhump period after cycle number E = 70. At that moment, the star was still in the plateau phase of the superoutburst, three days before entering the final decline, and superhumps were still clearly visible in the light curve. The O − C values for cycle numbers from 70 to 111 can be roughly fitted with a straight line, which indicates that the period decrease had stopped and its value stabilized at P sh = 0.08983(8) days.
The noisy maxima with cycle numbers above 120 are shifted by ∼ 0.4 cycle with respect to the superhump maxima from earlier nights. This indicates that they may be connected with late superhumps or even with the orbital wave.
It is interesting that our O −C diagram could be also interpreted in diffrent way than "common superhump followed by transition to late superhump" scenario. Fitting a 5th order polynomial to the moments of maxima appears to work with the data about as well as a quadratic followed by a linear trend as described previously. We are not arguing in favour of this interpretation, simply saying that there might be other interpretations of the data.
Amplitude and shape
The upper panel of Figure 4 shows the evolution of the amplitude of superhumps through the entire superoutburst. In a typical SU UMa star, fully developed superhumps have an amplitude of about 0.3 mag and a characteristic tooth shape. Interestingly, these properties seem to be completely independent of the inclination of the orbit of the binary. As the outburst progresses, the amplitude gradually decreases and the profile of the humps changes. A few days after maximum, so called secondary humps or interpulses become visible. In the beginning they are small but with time they may become as high as the main maxima -most probably evolving towards late superhumps.
V419 Lyr is an interesting case because it seems not to follow this scenario. On the nights of July 19/20 and 20/21 it clearly showed double maxima. However, these quickly disappeared. During subsequent nights there was hardly a trace of secondary humps. Very weak humps could be seen only on July 23/24 and 25/26 and quite strong ones on July 27/28.
We were curious about the reason for such behaviour. The only property which strongly differs in V419 Lyr from typical SU UMa stars is its long superhump/orbital period placing it within the period gap. We therefore reviewed the literature to investigate the occurrence of secondary humps among long period systems (i.e. with superhump period > 0.08 days). The summary of our review is given in Table 3 .
Among 21 reviewed stars only four show clear secondary humps. The rest of them show no interpulses at all or only a weak trace of them.
Conclusions
The orbital period of V419 Lyr is unknown. However it is possible to estimate its value using the relation in Stolz and Schoembs (1984) connecting the period excess ε defined as P sh /P orb − 1 with the orbital period of the binary. This empirical relation is as follows:
Using the definition of ε and knowing P sh for V419 Lyr, we were able to estimate the orbital period as P orb ≈ 0.086 days. This is slightly longer than two hours which indicates that V419 Lyr is a dwarf nova in the period gap. Many characteristics of V419 Lyr are typical of SU UMa stars. It goes into superoutburst every year or so, the eruption lasts about two weeks and has an amplitude of ∼ 3.5 mag. Superhumps appear shortly after the beginning of the superoutburst and have a maximum amplitude of 0.3 mag, which decreases to 0.1 mag at the end of the outburst. In addition to its long orbital period, V419 Lyr is unusual in two other properties. Its superhump period derivative has one of the largest negative values known and it shows only a weak trace of secondary humps in the final stages of the superoutburst.
